This study aimed to determine the correlation between central corneal thickness (CCT) and axial refractive errors (axial myopia and axial hyperopia). Patients and methods A total of 84 eyes were included in this study. They were classified into three groups (group 1, which included 28 axially myopic eyes; group 2, which included 28 axially hyperopic eyes; and group 3, which included 28 emmetropic eyes). CCT was obtained by pentacam, axial length was obtained by A-Scan ultrasonography, and refraction was obtained with auto-refractometer after cycloplegia and being confirmed with trial lenses.
Introduction
The determination of corneal thickness has gained re1evance in recent years, partly owing to the growing interest in refractive surgery [1] . Studies that have attempted to investigate the effect of refractive errors on central corneal thickness (CCT) and axial length have reported conf1icting results [2] . Chen et al. [3] and Nangia et al. [4] studied re1ationship between CCT and refractive error and reported no significant correlation. Meanwhile, Kadhim et al. [5] and Saxena et al. [6] studied the re1ation between CCT and refractive errors and reported a significant correlation.
In this study, we aimed at further investigating the correlation between CCT and axial refractive errors among a group of Egyptian patients.
Patients and methods
Our study comprised 84 eyes. Those 84 eyes were subdivided into three main groups: group 1 included 28 myopic eyes, group 2 included 28 hyperopic eyes, and group 3 included 28 emmetropic eyes. Two of these groups (groups 1 and 2) were further divided into three subgroups according to the severity of axial refractive errors as follows: group 1, which included 28 myopic eyes, was subdivided into group 1a, which included nine low myopic candidates (<−3 D); group 1b, which included 10 moderate myopic candidates (−3 to −6 D); and group 1c, which included nine high myopic candidates (>−6 D). Group 2, which included 28 hyperopic eyes, was subdivided into group 2a, which included 10 low hyperopic candidates (≤+2 D); group 2b, which included nine moderate hyperopic candidates (+2 to +5 D); and group 2c, which included 9 high hyperopic candidates (>5 D). All candidates underwent careful full ophthalmological examination (adnexa, anterior segment and posterior segment). CCT was measured by pentacam. Axial length was measured by A-Scan ultrasonography. Refraction was measured by
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auto-refractometer under cycloplegia and after being confirmed by trial lenses in a latter visit whenever needed. All patients signed an informed written consent before investigations including type and technique of procedure.
Statistical analysis
MedCalc version 18.2.1 (MedCalc, Ostend, Belgium) was used for data entry, processing, and statistical analysis. Tests of significance (Kruskal-Wallis, χ 2 , logistic regression analysis, Spearman's correlation, and receiver operating characteristic (ROC) curve analysis) were also used. Data were presented, and suitable analysis was done according to the type of data (parametric and nonparametric) obtained for each variable. P values less than 0.05 (5%) was considered to be significant statistically.
Results

Descriptive data
The mean age of all patients was 33.75±7.56 years. Regarding sex of the patients, 53.6% of patients were females, whereas 46.4% were males. In addition, the right eye was 50% of the sample size and the left eye was the other 50% (Table 1) .
Regarding refraction data, the mean sphere was −0.47 ±4.02 D, the mean cylinder was −1.23±0.98 D, the mean axis was 93±58.9 D, and the axial length was 23.6 ±1.59 mm ( Table 2 ).
Regarding CCT, the mean CCT of all patients was 536.27±34.85 nm (Table 3) .
Comparative studies
Concerning age of the participants in all groups, the age was significantly higher from the statistical point of view in the hyperopia group compared with the other groups (P=0.0021; Table 4 ).
The female predominance was significantly higher from the statistical point of view in the myopia group compared with other groups (P=0.0021; Table 4 ).
However, regarding the laterality among the three groups, a nonsignificant statistical difference was observed (P>0.05; Table 4 ).
Regarding the axial length, it was significantly higher from the statistical point of view in the myopia group when compared with the other groups (P<0.01; Table 5 and Fig. 1 ).
The three groups showed nonsignificant statistical difference regarding cylinder and axis (P>0.05; Table 5 ).
Regarding CCT, it was statistically significantly higher in the emmetropia group when compared with the other groups (P=0.023; Table 6 and Fig. 2 ).
Comparing the CCT of the myopia group with that of the hyperopia group, it showed a nonsignificant statistical difference (P>0.05). However, when the myopia group CCT was compared with that of the emmetropia group statistically, it was significantly higher in the emmetropia group (P=0.031; Table 6 and Fig. 3 ).
As we compared the CCT of the hyperopia group with that of the emmetropia group, it was statistically higher in the emmetropia group (P=0.015; Table 6 and Fig. 4 and Graph 1).
Comparative studies regarding the myopia group:
A comparison between the three myopic subgroups revealed a statistically nonsignificant difference regarding CCT (P>0.05; Table 7 and Fig. 5 ).
Comparative studies regarding the hyperopia group: A nonsignificant statistical difference was noted regarding CCT in the three hyperopic subgroups (P>0.05; Table 8 and Fig. 6 ).
Discussion
This study aimed at investigating the relationship between CCT and axial refractive errors. It The study showed that median CCT in the myopia group was 531 μm (510-544.5), median CCT in the hyperopia group was 523.5 μm (502.5-545.5), and median CCT in the emmetropia group was 555 μm (518-573.5). Therefore, a correlation was found between CCT and axial refractive errors as CCT was found to be statistically higher in the emmetropia group compared with the myopia and the hyperopia groups (P=0.023)
Kadhim et al. [5] studied the correlation between CCT and refractive errors where CCT was evaluated by ultrasound pachymeter. They reported significantly thinner corneas in myopia (539.5 nm) than emmetropia (550.47 nm), which correlated with our results.
Chang et al. [7] studied the cornea in myopic adults. CCT was evaluated by specular microscopy. They found that mean corneal thickness was 533 (SD 29) μm and reported thinner corneal thickness in more myopic eyes (r=0.16, P=0.021) and in cases with longer axial lengths, which correlated with our results.
Saxena et al. [6] studied the important considerations of CCT in ophthalmology clinic. CCT was evaluated IQR, interquartile range.
Figure 2
Pentacam of an emmetropic case with central corneal thickness (CCT) 600 nm. Pentacam of a moderate hyperopic eye with central corneal thickness (CCT) 554 nm.
with ultrasound pachymeter. They reported thinner CCT in myopic individuals (522.87±18.034 nm) than hyperopic individuals (536.39±17.753 nm), which contradicted our results, as we found thinner corneas in the hyperopia group compared with the myopia group (median CCT measured 523 and 531 μm for the hyperopia and the myopia groups respectively), but this difference was not statistically significant (P>0.05).
Chen et al. [3] studied the correlation between CCT and refractive error. CCT was evaluated by ultrasound pachymeter. No significant statistical different between mean CCT obtained (558±29 nm in males and 554 ±32 nm in females) and refractive errors was reported (P=0.445), which contradicted our results, as we found thinner CCT in the hyperopia and myopia groups compared with the emmetropia group (523.5, 531, and 555 μm, respectively), with significant statistical difference (P=0.023).
Nangia et al. [4] studied CCT and its association with ocular and general parameters. CCT was obtained by ultrasonography. No significant association was reported. Their result did not correlate with ours, which found a significant increase in CCT in the emmetropia group compared with both the myopia and the hyperopia groups, with a significant statistical difference (P=0.023).
Chen et al. [8] studied the correlation between CCT and myopia in Taiwan. CCT was obtained with Orbscan. No significant association between CCT and degree of myopia was found. In addition, CCT of myopia and emmetropia showed no significant difference. Those two results partially contradicted our study results as we found CCT to be thinner in the myopia group compared with the emmetropia group, with a significant statistical difference (P=0.031). However, they correlated with our study in that no correlation was found between CCT and degree of myopia (P=0.851).
The difference in results among studies could be related to different sample sizes, different ages in each study, which in turn would influence CCT measurements,
Graph 1
Comparison between the three groups as regards central corneal thickness (CCT). different devices used to measure CCT, or human error in obtaining accurate results.
As we compared median CCT of the myopia group with that of the hyperopia group, it was much thinner in the myopia group, but statistically, this difference was not significant (P>0.05). This result came in agreement with Kadhim et al. [5] who found that mean CCT for myopia was 539.05 nm and that for hyperopia was 550.54 nm.
As we compared the CCT of the hyperopia group with that of the emmetropia group statistically, a significant difference was found (P=0.015), which correlated with Nomura et al. [9] who found median CCT for hyperopia 512.5 nm and for emmetropia 516 nm.
This study also showed that the median CCT measurements for the myopia subgroups were 526 nm (510-540) for mild myopia, 536 nm (511-565) for moderate myopia, and 531 nm (508-543) for high myopia. This discrepancy was also found in a study conducted by Nomura et al. [9] who found that mean CCT measurements for mild, moderate, and high myopia were 515.4, 525, and 520.6 nm, respectively. However, this difference in our study regarding CCT was found to be statistically nonsignificant (P>0.05). This result correlated with other studies such as Chen et al. [8] who reported no correlation between CCT and degree of myopia, and Solu et al. [2] , who studied the correlation between CCT and the degree of myopia. CCT was evaluated with ultrasound pachymeter. They concluded that CCT had no correlation with the degree of myopia (P=0.96). On the contrary, some studied contradicted this result, such as Das et al. [10] who studied the correlation between CCT and axial length in myopes of different Pentacam of a moderate myopic eye with central corneal thickness (CCT) 565 nm. In addition, this study showed that CCT measurements for the hyperopia subgroups were 545 nm (503-557) for mild hyperopia, 521 nm (510-545) for moderate hyperopia, and 512 nm (489-527) for high hyperopia. This decrease in CCT as severity of hyperopia gets higher correlated with Solu et al. [2] who found that mean CCT was 551.44±30.15 nm for hyperopia (+2 D ≤+4 D) and 542.66±40.62 nm for hyperopia (>+4 D). However, this difference in our study regarding CCT was found to be statistically nonsignificant (P>0.05)
Conclusion
In this study, we found that CCT was related to axial refractive errors and that there were thinner corneas in axially ametropic eyes compared with emmetropic eyes, proving that the changes in ocular tunics of axially ametropic eyes would involve the CCT.
However, much thinner corneas were found in the axially hyperopic eyes compared with the axially myopic and emmetropic eyes. Therefore, we believe that other factors other than the axial refractive errors such as genetic [11] or racial [12] factors may be influencing CCT.
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